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EXHAUST GAS CATALYTIC CONVERTER 
SYSTEM 

This is a continuation of application Ser. No. 519,286, 
?led Oct. 30, 1974, now abandoned. 
The present invention relates generally to a catalytic 

converter system for catalytically converting noxious 
components present in the exhaust gas discharged from 
internal combustion engines to innocuous compounds 
to prevent discharge of noxious components into the 
atmosphere and thereby prevent atmospheric pollution. 
As is well known in the art, a typical catalytic con 

verter system includes a ?rst stage catalyst section 
which is disposed in the engine exhaust gas passageway 
and which contains a suitable reduction catalyst therein, 
and a second stage catalyst section which is disposed in 
the exhaust gas passageway at a location downstream of 
the ?rst stage catalyst section and which contains a 
suitable oxidation catalyst therein. In the ?rst stage 
catalyst section, nitrogen oxides (NOx) in the engine 
exhaust gas are catalytically reduced in contact with the 
reduction catalyst and in the presence of carbon monox 
ide (CO) in accordance with the reaction: 

2N0 + zco _. N2 + 2002 

In the second stage catalyst section, hydrocarbons (HC) 
and carbon monoxide (CO) in the exhaust gas are cata 
lytically oxidized in contact with the oxidation catalyst 
and in the presence of oxygen in accordance with the 
respective reactions: 

BC + 02 —> H2O + CO; ( not stoichiometric) 

Oxygen consumed in the second stage catalyst section is 
obtained from secondary air fed into the exhaust gas 
prior to contact with the catalyst or air excessive in 
comparison with fuel which air is drawn into the engine 
during decelerating operation, and passes the ?rst stage 
catalyst section without being consumed therein. 

In such a catalytic converter system, if a reduction 
catalyst retained in a ?rst stage catalyst section is a 
metal such as Monel metal which is an alloy of Ni-Cu 
Fe, it is necessary to limit the oxygen content in the 
engine exhaust gas fed into the ?rst stage catalyst sec 
tion to a value lower than a considerably low value, for 
example, 1 percent. The purpose of this is to prevent the 
metallic reduction catalyst from becoming fragile and 
from being broken when exposed to a high temperature 
in the presence of oxygen. 

It is, therefore, an object of the invention to provide 
a novel and improved catalytic converter system in 
which a reduction catalyst containing section is fed 
with engine exhaust gas containing no oxygen or an 
oxygen content reduced to a value lower than a prede 
termined value. . 

This and other objects and advantages of the inven 
tion will become more apparent from the following 
detailed description taken in conjunction with the ac 
companying drawings in which: 
FIG. 1 is a schematic view of a ?rst preferred em 

bodiment of a catalytic converter system according to 
the invention; 
FIG. 2 is a schematic view of a second preferred 

embodiment of a catalytic converter system according 
to the invention; and 
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2 
FIG. 3 is a schematic view of a third preferred em 

bodiment of a catalytic converter system according to 
the invention. 

Referring to FIG. 1, a catalytic converter system 
according to the invention, generally designated by the 
reference numeral 10, is shown as being incorporated 
into the exhaust system of an internal combustion en 
gine 12 which includes, as customary, an exhaust mani 
fold 14 leading from a combustion chamber (not shown) 
of the engine 12, an exhaust pipe or conduit 16 con 
nected with the exhaust manifold 14 and vented to the 
outside atmosphere by way of a muf?er or silencer 18. 
The catalytic converter system 10 comprises a reduc 

tion catalyst section 22 which is disposed in the exhaust 
conduit 16 and retains a suitable reduction catalyst (not 
shown) therein which catalytically promotes reduction 
of nitrogen oxides in engine exhaust gas, an oxidation 
catalyst section 24 which is disposed in the exhaust 
conduit 16 at a location downstream of the reduction 
catalyst section 22 containing a suitable oxidation cata 
lyst (not shown) therein which catalytically promotes 
oxidation of hydrocarbons and carbon monoxide in the 
exhaust gas, and an additional oxidation catalyst section 
26 disposed in the exhaust conduit 16 at a location up 
stream of the reduction catalyst section 22 retaining a 
suitable oxidation catalyst (not shown) therein which 
catalytically promotes oxidation of hydrocarbons and 
carbon monoxide in the exhaust gas to consume oxygen 
in the exhaust gas to reduce the oxygen content therein 
to a value lower than a predetermined value, for exam 
ple, even to zero. A ?rst air pump 28 is provided to 
supply secondary air to the exhaust gas fed to the addi 
tional oxidationcatalyst section 26. The air pump 28 
pumps or discharges secondary air to a ?rst secondary 
air control three-way valve 30 by way of a conduit 32 
which interconnects an outlet or discharge port 34 of 
the pump 28 and an inlet port 36 of the valve 30. An 
inlet or suction port 35 of the air pump 28 may be con 
nected with an air cleaner (not shown) of the engine 12 
by way of a conduit 37 as shown in FIG. 1. The control 
valve 30 is operable to deliver secondary air to one of 
conduits 38 and 40 which are connected with outlet 
ports 42 and 44, respectively, of the valve 30. The con 
trol valve 30 is operated by a solenoid (not shown) 
which is electrically connected with an electric power 
source 50 such as a battery by way of a switch 52 which 
responds to the temperature of the engine 12. The en 
gine temperature is sensed or checked by a factor such 
as the temperature of engine coolant or engine oil (not 
shown). The switch 52 is normally open to de-energize 
the solenoid during normal engine operation when the 
temperature of the engine 12 is higher than a predeter 
mined value which may be, for example, 60° C. and 
closed to energize the solenoid during cold engine oper 
ation when the temperature of the engine 12 is lower 
than the predetermined value. The control valve 30 is 
operated to provide communication between the con 
duits 32 and 38 and block communication between the 
conduits 32 and 40 during normal engine operation, and 
is shifted to provide communication between the con 
duits 32 and 40 and block communication between the 
conduits 32 and 38 during cold engine operation. The 
conduits 38 and 40 are provided therein with restric 
tions or ori?ces 46 and 48 which limit or meter the 

5 ?ows of air passing through the conduits 38 and 4-0, 
respectively. The diameter or cross sectional area of the 
ori?ce 46 is determined to meter the amount of second 
ary air fed into the exhaust gas to a predetermined value 
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to meet the requirement that only a part of each of 
hydrocarbons and carbon monoxide in the exhaust gas ' 
is catalytically oxidized in the additional oxidation cata 
lyst section 26 and as a result, all oxygen or the greater 
part of oxygen in the exhaust gas with oxygen added 
from the secondary air is wholly consumed in the addi 
tional oxidation catalyst section 26 to reduce the oxygen 
content in the exhaust gas to a value lower than a prede 
termined value, for example, even to zero. Although the 
diameter or cross sectional area of the ori?ce 48 is deter 
mined similarly to that of the ori?ce 46 as set forth 
above, it is determined to furthermore meter the amount 
of secondary air fed into the exhaust gas to meet a fur 
ther requirement that, since the concentrations of hy 
drocarbons and carbon monoxide are greatly increased 
and the oxygen content in the exhaust gas is low during 
cold engine operation, a larger quantity of secondary air 
is fed into the exhaust gas during cold engine operation 
as compared with secondary air fed into the exhaust gas 
during normal engine operation, so that the oxidizing 
reaction is promoted in the additional oxidation catalyst 
section 26 to quickly increase the temperature of the 
exhaust gas causing the reduction and oxidation cata 
lysts in the reduction and oxidation catalyst sections 22 
and 24 to quickly reach their catalytically effective or 
active temperatures and at the same time to lighten the 
burden of the oxidation catalyst section 24. As a result, 
the diameter or cross sectional area of the ori?ce 48 
shall be greater than that of the orifice 46. The conduits 
38 and 40 are combined to a conduit 54 which is con 
nected with an inlet port 58 of a second secondary air 
control three-way valve 56. The control valve 56- is 
operable to deliver secondary air to one of conduits 60 
and 62 which are connected with outlet ports 64 and 66 
of the valve 56, respectively. The control valve 56 is 
operated by a solenoid (not shown) which is electrically 
connected with an electric power source such as a bat 
tery 68 by way of a switch 70 which is actuated in 
response to decelerating operation of the engine 12. The 
switch 70 is normally open to de-energize- the solenoid 
and closed to energize the solenoid during decelerating 
operation of the engine 12. The control valve 56 is 
operated to provide communication between the con 
duits 54 and 60 and block communication between the 
conduits 54 and 62 during normal engine operation 
when the solenoid is de-energized, and is shifted to 
provide communication between the conduits 54 and 62 
and block communication between the conduits 54 and 
60 during engine decelerating operation when the sole 
noid is energized. The conduit 60 is connected with an 
air gallery or air distributing pipe or conduit 72 which 
has a plurality of secondary air injection nozzles 74 
opening into the exhaust manifold 14 at locations adja 
cent to exhaust ports (not shown) of the engine 12 for 
injection of secondary air into the exhaust manifold 14. 
The conduit 62 is vented to the outside atmosphere or 
may be connected with the conduit 37 which intercon 
nects the air cleaner and the suction port 35 of the pump 
28. A second air pump 76 is provided to supply second 
ary air to the exhaust gas fed to the oxidation catalyst 
section 24. The air pump 76 pumps or discharges sec 
ondary air to the exhaust conduit 16 at a location be 
tween the reduction and oxidation catalyst sections 22 
and 24 by way of a conduit 78 connected with an outlet 
or discharge port 80 of the air pump 76. The amount of 

a the secondary air fed from the conduit 78 shall be suffi 
cient to catalytically oxidize the total amounts of hydro 
carbons and carbon monoxide in the exhaust gas. Each 
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4 
of the air pumps 28 and 76 may be driven by the engine 
12 or any other suitable means such as an electric motor. 
The operation of the catalytic converter system 10 

according to the invention thus constructed is as fol 

lows: ' When the engine 12 is in a normal operating condi 
tion, the switches 52 and 70 are open so that the control 
valve 30 provides communication between the conduits 
32 and 38 and the control valve 56 provides communi 
cation between the conduits 54 and 60. Secondary air 
discharged from the air pump 28 is metered by the 
ori?ce 46. As a result, a relatively small quantity of 
secondary air insufficient to catalytically oxidize the 
total amounts of hydrocarbons and carbon monoxide in 
engine exhaust gas in the oxidation catalyst section 26 is 
injected from the injection nozzles 74 into the exhaust 
manifold 14 and mixed with the exhaust gas discharged 
from the engine 12. The exhaust gas with oxygen from 
the secondary air added is fed into the additional oxida 
tion catalyst section 26 and a part of each of hydrocar 
bons and carbon monoxide in the exhaust gas is catalyti 
cally oxidized by reaction with oxygen in the exhaust 
gas by contact with the oxidation catalyst and rendered 
harmless. These reactions are expressed as - 

BC + Oz-bHC + C0 + E20 + C020“)! 
stoichiometric) 

and 

C0 + 02 -> C0 + C0; (not stoichiometric) 

As a result, all oxygen or the greater part of oxygen in 
the exhaust gas fed into the oxidation catalyst section 26 
is entirely consumed to reduce the oxygen content in 
the exhaust gas to a value lower than a predetermined 
value, even to zero, a part of each of hydrocarbons and 
carbon monoxide in the exhaust gas remains unreacted 
and carbon monoxide is produced. Thus, the exhaust 
gas with high carbon monoxide content and extremely 
low or zero oxygen content is fed into the reduction 
catalyst section 22 and all nitrogen oxides in the exhaust 
gas are catalytically reduced by the reaction of nitrogen 
oxides with carbon monoxide in the exhaust gas by 
contact of nitrogen oxides with the reduction catalyst 
and rendered harmless, as expressed by: ‘ 

set forth hereinbefore. The exhaust gas delivered from 
the reduction catalyst section 22 contains no nitrogen 
oxides. Secondary air discharged from the air pump '76 
is injected into the exhaust conduit 16 by way of the 
conduit 78 and mixed with the exhaust gas from the 
reduction catalyst section 22. The exhaust gas with 
oxygen added from secondary air is fed into the oxida 
tion catalyst section 24 and the total amounts of hydro 
carbons and carbon monoxide in the exhaust gas are 
entirely catalytically oxidized by the reaction‘ with oxy 
gen in the exhaust gas by contact with the oxidation 
catalyst and rendered harmless, as expressed by reac 
tions ' 

(He + O2—>H20 + COZand co + o2_>co2)m 
forth 

hereinbefore. 
When the engine 12 is decelerating, the switch 70 is 

closed so that the control valve 56 is shifted to provide 
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communication between the conduits 54 and 62 and 
block communication between the conduits 54 and 60. 
As a result, secondary air delivered to the control valve 
56 is discharged to the outside atmosphere or is returned 
to the conduit 37 by way of the conduit 62 and accord 
ingly no secondary air is injected into the exhaust mani 
fold 14. Thus, the oxygen content in the exhaust-gas fed 
into the reducing catalyst section 22 is prevented from 
being excessively high to prevent the reducing catalyst 
from becoming fragile and being deteriorated during 
engine decelerating operation when the hydrocarbon 
and carbon monoxide contents and the oxygen content 
in engine exhaust gas both are high. 
During cold engine operation when the temperature 

of the engine 12 is lower than a predetermined value, 
for example, 60° C., the switch 52 is closed so that the 
control valve 30 is shifted to provide communication 
between the conduits 32 and 40 and block communica 
tion between the conduits 32 and 38. Secondary air 
discharged from the air pump 28 is metered by the 
ori?ce 48. As a result, a relatively large quantity of 
secondary air as compared with secondary air fed dur 
ing normal engine operation but which is insufficient to 
catalytically oxidize the total amounts of hydrocarbons 
and carbon monoxide in engine exhaust gas in the addi 
tional oxidation catalyst section 26 and which meets the 
further requirement stated hereinbefore is injected from 
the injection nozzles 74 and mixed with exhaust gas 
discharged from the engine 12. The exhaust gas with 
oxygen added from the secondary air is fed into the 
additional oxidation catalyst section 26 and a part of 
each of hydrocarbons and carbon monoxide in the ex 
haust gas is catalytically oxidized and rendered harm 
less to reduce the oxygen content in the exhaust gas to 
a value lower than a predetermined value, for example, 
even to zero. All nitrogen oxides in the exhaust gas 
discharged from the oxidation catalyst section 26 is 
catalytically reduced and rendered harmless in the re 
duction catalyst section 22. Secondary air is fed into the 
exhaust gas discharged from the reduction catalyst sec 
tion 22. The total amounts of hydrocarbons and carbon 
monoxide in the exhaust gas with oxygen added from 
the secondary air are catalytically oxidized and ren 
dered harmless in the oxidation catalyst section 24. 

Referring to FIGS. 2, there is shown a second em 
bodiment of a catalytic converter system according to 
the invention which is different from the catalytic con 
verter system 10 shown in FIG. 1 in that secondary air 
is alternatively fed into the exhaust manifold 14 and the 
exhaust conduit 16 at a location between the reduction 
and oxidation catalyst sections 22 and 24 by a single air 
pump 82. As stated, like component elements are desig 
nated by the same reference numerals as those used in 
FIG. 1. In the catalytic converter system shown in FIG. 
2, an air pump 82 discharges secondary air to a second 
ary air control three-way valve 84 by way of a conduit 
86 which is connected with a discharge port 88 of the 
pump 82. The control valve 84 is operable to alterna 
tively deliver secondary air to conduits 90 and 92 which 
are connected respectively with an air gallery 93 similar 
to the air gallery 72 of FIG. 1 with the exhaust conduit 
16 at a location between the reduction and oxidation 
catalyst sections 22 and 24. The control valve 84 is 
operated by a solenoid (not shown) which is connected 
with an electric power source 94 such as a battery by 
way of a switch 96 similar to the switch 52 of FIG. 1. 
The control valve 84 is operated to provide communi 
cation between the conduits 86 and 90 and between the 
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6 
conduits 86 and 92 so that secondary air is fed into both 
the exhaust manifold 14 and the exhaust conduit 16 at a 
location between the reduction and oxidation catalyst 
sections 22 and 24 during cold engine operation when 
the temperature of the engine 12 is lower than a prede~ 
termined value, for example, 60° C., and is shifted to 
provide communication between the conduits 86 and 92 
and block communication between the conduits 86 and 
90 so that secondary air is fed only into the exhaust 
conduit 16 at a location between the catalyst sections 22 
and 24 during normal engine operation when the tem 
perature of the engine 12 is higher than the predeter 
mined value. Oxygen for catalytic oxidation of a part of 
each of hydrocarbons and carbon monoxide in engine 
exhaust gas in the additional oxidation catalyst section 
26 is obtained from the exhaust gas with a low oxygen 
content during normal engine operation. The conduit 90 
is formed therein with an ori?ce 98 having a diameter or 
a cross sectional area which is determined to limit or 
meter the amount of secondary air fed into the exhaust 
manifold 14 to a predetermined value to meet the re 
quirement that only a part of each of ‘hydrocarbons and 
carbon monoxide in the exhaust 1 gas is catalytically 
oxidized in the additional oxidation catalyst section 26 
so that all oxygen or the greater part of oxygen in the 
exhaust gas with oxygen added from the secondary air 
is consumed in the additional oxidation catalyst section 
26 to reduce the oxygen content in the exhaust gas to a 
value lower a predetermined value, even to zero, and a 
further requirement that the oxidizing reaction is pro 
moted in the additional oxidation catalyst section 26 to 
quickly increase the temperature of the exhaust gas 
causing the oxidation, reduction and oxidation catalysts 
in the oxidation, reduction and oxidation catalyst sec 
tions 26, 22 and 24 to quickly reach their catalytically 
effective or active temperatures and at the same time to 
lighten the burden of the oxidation catalyst section 24 
during cold engine operation when the concentrations 
of hydrocarbons and carbon monoxide are greatly in 
creased and the oxygen content in the exhaust gas is 
low. 
The operation of the catalytic converter system 

shown in FIG. 2 thus constructed is as follows: 
When the engine 12 is in a normal operating condi 

tion, the switch 96 is open so that the control valve 84 
provides communication only between the conduits 86 
and 92 to feed secondary air only into the exhaust con 
duit 16 at a location between the catalyst sections 22 and 
24. The exhaust gas discharged from the engine 12 is fed 
into the additional oxidation catalyst section 26 and a 
part of each of hydrocarbons and carbon monoxide in 
the exhaust gas is catalytically oxidized and rendered 
harmless. As a result, all oxygen or the greater part of 
oxygen in the exhaust gas is consumed to reduce the 
oxygen content therein to a value lower than a prede 
termined value, for example, even to zero, and carbon 
monoxide is produced. Thus, the exhaust gas with high 
carbon monoxide content and extremely low or zero 
oxygen content is fed into the reduction catalyst section 
22 and all nitrogen oxides in the exhaust gas are catalyti 
cally reduced and rendered harmless. Secondary air 
discharged from the conduit 92 is fed into the exhaust 
gas delivered from the reduction catalyst section 22 
containing no nitrogen oxides. The exhaust gas with 
oxygen added from secondary air is fed into the oxida 
tion catalyst section 24 and the total amounts of hydro 
carbons and carbon monoxide in the exhaust gas are 
entirely catalytically oxidized and rendered harmless. 



4,134,262 
7 

When the engine 12 is in a cold operating condition, 
the switch 96 is closed so that the control valve 84 
provides communication between the conduits 86 and 
92 and between the conduits 86 and 90 to feed second 
ary air into the exhaust manifold 14 as well as the ex 
haust conduit 16. Secondary air fed into the exhaust 
manifold 14 is metered by the ori?ce 98 in the conduit 
90. The exhaust gas with oxygen added from the sec 
ondary air is fed into the additional oxidation catalyst 
section 26 and a part of each of hydrocarbons and car 
bon monoxide in the exhaust gas is catalytically oxi 
dized therein to reduce the oxygen content in the ex 
haust gas to a value lower than a predetermined value, 
for example, even to zero and simultaneously the tem 
perature of the exhaust gas is quickly increased to cause 
the oxidation catalyst in the additional oxidation cata 
lyst section 26 to quickly reach its catalytically active 
temperature. The exhaust gas discharged from the oxi 
dation catalyst section 26 is successively fed into the 
reduction and oxidation catalyst sections 22 and 24 and 
is fed with secondary air prior to entrance into the 
catalyst section 24. As a result, all nitrogen oxides and 
the total amounts of hydrocarbons and carbon monox 
ide in the exhaust gas are catalytically reduced and 
oxidized, respectively and rendered harmless and simul 
taneously the reduction and oxidation catalysts in the 
reduction and oxidation catalyst sections 22 and 24 are 
caused to quickly reach their catalytically active tem 
peratures, similarly as described hereinbefore. 

Referring to FIG. 3, there is shown a third embodi 
ment of a catalytic converter system according to the 
invention which is different from the catalytic con 
verter system 10 shown in FIG. 1 in that a single air 
pump 76 is provided to feed secondary air into the 
engine exhaust gas in exhaust conduit 16 at a location 
between reduction and oxidation catalyst sections 22 
and 24 by a conduit 78 during engine operation as in the 
catalytic converter system 10 of FIG. 1. In the opera 
tion of the catalytic converter system of FIG. 3, the 
exhaust gas discharged from the engine 12 is fed into the 
additional oxidation catalyst section 26 and a part of 
each of hydrocarbons and carbon monoxide in the ex 
haust gas is catalytically oxidized to reduce the oxygen 
content therein to a value lower than a predetermined 
value, even to zero. All nitrogen oxides in the exhaust 
gas discharged from the additional oxidation catalyst 
section 26 are catalytically reduced in the reduction 
catalyst section 22. Secondary air is fed into the exhaust 
gas discharged from the reduction catalyst section 22. 
The total amounts of hydrocarbons and carbon monox 
ide in the exhaust gas are catalytically oxidized in the 
oxidation catalyst section 24, similarly as described 
hereinbefore. 

It will be appreciated that a catalytic converter sys 
tem according to the invention has a technical advance 
in that a reduction catalyst section is fed with engine 
exhaust gas containing no oxygen or an oxygen content 
reduced to a value lower than a predetermined value so 
that a metallic reduction catalyst in the reduction cata 
lyst section is securely prevented from becoming fragile 
and from being broken, by providing an additional oxi 
dation catalyst section in an exhaust gas conduit at a 
location upstream of the reduction catalyst section. 
What is claimed is: 
1. A catalytic converter system for an internal com 

bustion engine, comprising a reduction catalyst section 
containing a reduction catalyst therein and disposed in 
the ?ow of exhaust gas, discharged from an internal 
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combustion engine, to catalytically reduce nitrogen 
oxides in said engine exhaust gas, an oxidation catalyst 
section containing an oxidation catalyst therein and 
disposed in said engine exhaust gas ?ow at a location 
downstream of said reduction catalyst section to cata 
lytically oxidize hydrocarbons and carbon monoxide in 
said engine exhaust gas, an additional oxidation catalyst 
section containing an oxidation catalyst therein and 
disposed in said engine exhaust gas ?ow at a location 
upstream of said reduction catalyst section to catalyti 
cally oxidize a part of each of hydrocarbons and carbon 
monoxide in said engine exhaust gas to consume oxygen 
in said engine exhaust gas, an air pump discharging 
secondary air under pressure, passage means communi 
cating with said air pump and with said engine exhaust 
gas flow at a location upstream of said additional oxida 
tion catalyst section and feeding said secondary air from 
said air pump into said engine exhaust gas ?ow at the 
last-mentioned location, and control means controlling 
the amount of said secondary air fed through said pas 
sage means into said engine exhaust gas ?ow at said 
last-mentioned location in accordance with an operat 
ing condition of said engine to limit the oxygen content 
in said engine exhaust gas fed from said additional oxi 
dation catalyst section to said reduction catalyst section 
to a value below a predetermined value and comprising 
valve means disposed in said passage means and con 
trolling the same, and valve control means controlling 
said valve means in accordance with an operating con 
dition of said engine, in which said passage means com 
prises ?rst and second parallel conduits communicating 
with said engine exhaust gas ?ow at said last-mentioned 
location and alternatively communicable with said air 
pump and formed therein with ori?ces, respectively, 
the cross sectional area of each of which beingdeter 
mined to limit the amount of said secondary air passing 
therethrough to said engine exhaust gas ?ow at said 
last-mentioned location to reduce the oxygen content in 
said engine exhaust gas fed from said additional oxida 
tion catalyst section to said reduction catalyst section to 
a value below said predetermined value, the cross sec 
tional area of said ori?ce of said ?rst conduit being 
smaller than that of said ori?ce of said second conduit, 
said valve means comprises a three-way valve disposed 
between said air pump and said conduits and alterna 
tively providing ?uid communication between said air 
pump and said ?rst conduit and between said air pump 

' and said second conduit, and said valve control means 

50 

65 

comprises a switch controlling said three-way valve in 
accordance with the temperature of said engine, said 
switch being responsive to a temperature of said engine 
above a predetermined level to cause said three-way 
valve to provide ?uid communication between’ said air 
pump and said ?rst ‘conduit and to a temperature of said 
engine below said predetermined level to cause said 
three-way valve to provide ?uid communication be 
tween said air pump and said second conduit. 

2. A catalytic converter system as claimed in claim 1, 
in which said valve means further comprises a second 
three-way valve disposed between said conduits and 
said engine exhaust gas ?ow at said last-mentioned loca 
tion and alternatively providing ?uid communication 
between said conduits and said engine exhaust gas ?ow 
at said last-mentioned location and between said con 
duits and the outside atmosphere, and said valve control 
means further comprises a second switch normally 
causing said second three-way valve to provide ?uid 
communication between said conduits and said engine 
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exhaust gas ?ow at said last-mentioned location and 
responsive to decelerating operation of said engine to 
cause said second three-way valve to provide ?uid 
communication between said conduits and the outside 
atmosphere. 

3. A catalytic converter system as claimed in claim 2, 
further comprising a second air pump discharging sec 
ondary air under pressure, and a conduit interconnect 
ing said second air pump and said engine exhaust gas 
?ow a location between said reduction catalyst section 
and the ?rst-mentioned oxidation catalyst section and 
feeding said secondary air from said second air pump 
into said engine exhaust gas ?ow at the last-mentioned 
location. 

4. A catalytic converter system for an internal com 
bustion engine, comprising a reduction catalyst section 
containing a reduction catalyst therein and disposed in 
the ?ow of exhaust gas, discharged from said internal 
combustion engine, to catalytically reduce nitrogen 
oxides in said engine exhaust gas, an oxidation catalyst 
section containing an oxidation catalyst therein and 
disposed in said engine exhaust gas ?ow at Ya location 
downstream of said reduction catalyst section to cata 
lytically oxidize hydrocarbons and carbon monoxide in 
said engine exhaust gas, an additional oxidation catalyst 
section containing an oxidation catalyst therein and 
disposed in said engine exhaust gas ?ow at a location 
upstream of said reduction catalyst section to catalyti 
cally oxidize a part of each hydrocarbons and carbon 
monoxide in said engine exhaust gas to consume oxygen 
in said engine exhaust gas, an air pump discharging 
secondary air under pressure, passage means communi 
cating with said air pump and with said engine exhaust 
gas ?ow at a location upstream of said additional oxida 
tion catalyst section and feeding said secondary air from 
said air pump into said engine exhaust gas flow at the 
last-mentioned location, and valve means disposed in 
said passage means and controlling the amount of said 
secondary air fed through said passage means into said 
engine exhaust gas ?ow at said last mentioned location 
in accordance with an operating condition of said en 
gine to limit the oxygen content in said engine exhaust 
gas fed from said additional oxidation catalyst section. to 
said reduction catalyst section to a value below a prede 
termined value, in which said passage means comprises 
?rst and second parallel conduits communicating with 
said engine exhaust gas ?ow at said last-mentioned loca 
tion and alternatively communicable with said air pump 
and formed therein with ori?ces, respectively, the cross 
sectional area of each of which being determined to 
limit the amount of said secondary air passing there 
through to said engine exhaust gas ?ow at said last-men 
tioned location to reduce the oxygen content in said 
engine exhaust gas fed from said additional oxidation 
catalyst section to said reduction catalyst section to a 
value below said predetermined value, the cross sec 
tional area of said ori?ce of said ?rst conduit being 
smaller than that of said ori?ce of said second conduit, 
said valve means comprises a three-way valve disposed 
between said ‘air pump and said conduits and altema 
tively providing ?uid communication between said air 
pump and said ?rst conduit and between said air pump 
and said second conduit, and a switch controlling said 
three-way valve in accordance with the temperature of 
said engine, said switch being responsive to a tempera 
ture of said engine above a predetermined level to cause 
said three-way valve to provide ?uid communication 
between said air pump and said ?rst conduit and to a 
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10 
temperature of said engine below said predetermined 
level to cause said three-way valve to provide ?uid 
communication between said air pump and said second 
conduit. 

5. A catalytic converter system for an internal com 
bustion engine, comprising a ?rst oxidation catalyst 
section disposed in the ?ow of exhaust gas discharged 
from said engine and containing an oxidation catalyst to 
catalytically oxidize a part of each of hydrocarbons and 
carbon monoxide in said engine exhaust gas, a reduction 
catalyst section disposed in said engine exhaust gas ?ow 
at a location downstream of said ?rst oxidation catalyst 
section and containing a reduction catalyst to catalyti 
cally reduce nitrogen oxides in said engine exhaust gas, 
a second oxidation catalyst section disposed in said 
engine exhaust gas flow at a location downstream of 
said reduction catalyst section and containing an oxida 
tion catalyst to catalytically oxidize hydrocarbons and 
carbon monoxide in said engine exhaust gas, passage 
means communicating with said engine exhaust gas 
?ow at a location upstream of said ?rst oxidation cata 
lyst section, an air pump communicating with said pas 
sage means and discharging pressurized secondary air 
thereinto which is fed into said engine exhaust gas ?ow 
at the last-mentioned location, valve means disposed in 
said passage means and controlling the amount of sec 
ondary air fed into said engine exhaust gas ?ow at said 
last-mentioned location to limit the oxygen content in 
said engine exhaust gas fed into said reduction catalyst 
section to a value below a predetermined value, a sole 
noid for operating said valve means, and switch means 
electrically connected to said solenoid and for control 
ling said solenoid in accordance with an operating con 
dition of said engine, in which said passage means com 
prises ?rst and second parallel conduits communicating 
with said engine exhaust gas ?ow at said last-mentioned 
location and alternatively communicable with said air 
pump and formed therein with ori?ces, respectively, 
the cross sectional area of each of which being deter 
mined to limit the amount of secondary air passing 
therethrough to said engine exhaust gas flow at said 
last-mentioned location to reduce the oxygen content in 
said engine exhaust gas fed from said ?rst oxidation 
catalyst section to said reduction catalyst section to a 
value below said predetermined value, the cross sec 
tional area of said ori?ce of said ?rst conduit being 
smaller than that of said ori?ce of said second conduit, 
said valve means comprising a three-way valve dis 
posed between said air pump and said conduits and 
alternatively providing communication between said air 
pump and said ?rst conduit and between said air pump 
and said second conduit, said switch means comprising 
a switch controlling said solenoid in accordance with 
the temperature of said engine, said switch being re 
sponsive to temperatures of said engine above and 
below said predetermined level to cause said solenoid to 
operate said three-way valve communication between 
said air pump and said ?rst conduit and between said air 
pump and said second conduit, respectively. 

6. A catalytic converter system as claimed in claim 5, 
further comprising a second three-way valve disposed 
between said conduits and said engine exhaust gas ?ow 
at said last-mentioned location and alternatively provid 
ing communication between said conduits and said en 
gine exhaust gas flow at said last-mentioned location 
and between said conduits and the outside atmosphere, 
and a second switch normally causing said second 
three-way valve to provide communication between 
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said conduits and said engine exhaust gas ?ow at said 
last-mentioned location and responsive to decelerating 
operation of said engine to cause said second three-way 
valve to provide communication between said conduits 
and the outside atmosphere. 

7. A catalytic converter system as claimed in claim 6, 
further comprising a second air pump discharging sec 
ondary air under pressure, and a conduit communicat 
ing said second air pump with said engine exhaust gas 
?ow at a location between said reduction catalyst sec 
tion and said second oxidation catalyst section and feed 
ing secondary air from said second air pump into said 
engine exhaust gas ?ow at the last-mentioned location. 

8. A catalytic converter system in combination with 
an internal combustion engine including 
an exhaust gas passageway providing communication 
between the engine and the atmosphere for con 
ducting thereto exhaust gases of the engine, said 
catalytic converter system comprising 

a ?rst oxidation catalyst section disposed in the ex 
haust gas passageway and containing 

an oxidation catalyst for catalytically oxidizing a part 
of each of hydrocarbons and carbon monoxide in 
the engine exhaust gases; 

a reduction catalyst section disposed in the exhaust 
gas passageway downstream of said ?rst oxidation 
catalyst section and containing 

a reduction catalyst for catalytically reducing nitro 
gen oxides in the engine exhaust gases; 

a second oxidation catalyst section disposed in the 
exhaust gas passageway downstream of said reduc 
tion catalyst section and containing 

an oxidation catalyst for catalytically oxidizing hy 
drocarbons and carbon monoxide in the engine 
exhaust gases; 

an air pump producing pressurized secondary air; 
passage means communicating with said air pump 
and alternatively communicable with the exhaust 
gas passageway at a location upstream of said ?rst 
oxidation catalyst section and with the atmosphere; 

a three-way valve disposed in said passage means and 
having a ?rst position in which it provides commu 
nication between said passage means and the ex 
haust gas passageway at said location and a second 
position in which it provides communication be 
tween said passage means and the atmosphere; 

a switch for sensing deceleration of the engine and 
normal operations of the engine excepting deceler 
ation; and 

a solenoid for operating said three-way valve, said 
solenoid being electrically connected to said 
switch for causing said three-way valve to move 
into said ?rst positiin in response to normal opera 
tions of the engine sensed by said switch and for 
causing said three-way valve to move into said 
second position in response to deceleration of the 
engine sensed by'said switch, in which said passage 
means is branched off at its portion upstream of 
said three-way valve into 

?rst and second passage means alternatively commu 
nicable with said air pump and formed therein with 
?rst and second ori?ces, respectively, the cross 
sectional area of said ?rst ori?ce being larger than 
that of said second ori?ce, said catalytic converter 
system further comprising 

a further three-way valve located between said air 
pump and both said ?rst and second passage means 
and having a third position in which it provides 
communication between said air pump and said 
?rst passage means and a fourth position in which 
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it provides communication between said air pump 
and said second passage means, 

a further switch for sensing the temperature of the 
engine, and 

a further solenoid for operating said further three 
way valve, said further solenoid being electrically 
connected to said further switch for causing said 
further three-way valve to move into said third 
position in response to a temperature of the engine 
sensed by said further switch which is below a 
predetermined value and for causing said further 
three-way valve to move into said fourth position 
in response to a temperature of the engine sensed 
by said further switch which is above said prede 
termined value. ' 

9. A catalytic converter system in combination with 
an internal combustion engine including 

an exhaust gas passageway providing communication 
between the engine and the atmosphere for con 
ducting thereto exhaust gases of the engine, sai 
catalytic converter system comprising v 

a ?rst oxidation catalyst section disposed in the ex 
haust gas passageway and containing ’ 

an oxidation catalyst for catalytically oxidizing a part 
of each of hydrocarbons and carbon monoxide in 
the engine exhaust gases; , 

a reduction catalyst section disposed in the exhaust 
gas passageway downstream of said ?rst oxidation 
catalyst section and containing 

a reduction catalyst for catalytically reducing‘nitro 
gen oxides in the engine exhaust gases; - 

a second oxidation catalyst section disposed in the 
exhaust gas passageway downstream of said reduc 
tion catalyst section and containing . 

an oxidation catalyst for catalytically oxidizing hy 
drocarbons and carbon monoxide in the engine 
exhaust gases; . _ 

an air pump producing pressurized secondary air; 
passage means communicating with said air pump 
and with the exhaust gas passageway at a location 
upstream of said ?rst oxidation catalyst section; 

valve means for controlling the ?ow of pressurized 
secondary air fed into the exhaust gas passageway 
at said location and having a ?rst position in which 
the ?ow of said pressurized secondary air is in 
creased and a second position in which the ?ow of 
said pressurized secondary air is reduced; 

a switch for sensing the temperature of the engine; 
and 

p a solenoid for operating said valve means, said sole 
noid being electrically connected to saidswitch for 
causing said valve means to move into said ?rst 
position in response to a temperature of the engine 
sensed by said switch which is below a predeter 
mined value and for causing said valve means to 
move into said second position in response to a 
temperature of the engine sensed by said switch 
which is above said predetermined value, in which 
said passage means comprises 

_ ?rst and second passage means both communicating 
with the exhaust gas passageway at said location 
and alternatively communicable with said air pump 
and formed therein with ?rst and second ori?ces, 
respectively, the cross sectional area of said ?rst 
ori?ce being greater than that of said second ori 
?ce, said valve means comprising 

a three-way valve located between said air pump and 
both said ?rst and second passage means and pro 
viding communication between said air pump and 
said ?rst passage means when in said ?rst position 
and between said air pump and said second passage 
means when in said second position. 
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